In this paper we present a comprehensive database of 152 earthquake focal mechanism solutions for the Nordland area, northern Norway, and the adjacent offshore regions. 123 focal mechanisms are published for the first time. We developed an equation to objectively determine the quality of the focal mechanisms, while the equation was explicitly adjusted to the used dataset (not globally accepted). We used the equation to assign quality factors to the new focal mechanisms, while the quality of the earlier published focal mechanisms was kept as originally provided. About 20% of all focal mechanisms were set to the higher quality A and B, which was assigned to the onshore earthquakes only, whereas for offshore earthquakes the highest assigned quality was quality C, mostly due to larger azimuthal gaps. The results showed that seismicity onshore and offshore Nordland is different in type: with dominant shallow, normal-faulting earthquakes onshore and mostly deeper, mixed type faulting earthquakes offshore, while along the coast the faulting regime was mostly normal to strike-slip. The results indicated that maximum horizontal compressional stress, s H , directions in the offshore areas on a large scale originate from the plate-tectonic ridge push with NW-SE compression, whereas in the onshore regions s H directions are better explained through local stress-generating sources, such as topography. In our results we also recognised a possible relation between the Svartisen glacier massif and the enhanced seismicity in the surroundings, including an earthquake swarm activity to the west of the glacier. Moreover, in many onshore and offshore regions the nodal plane azimuths, obtained from the focal mechanisms, correlate well with the trends of geologically mapped onshore and offshore structures.
Introduction
While the nature of earthquakes is not well understood in territories with complex geological and tectonic conditions, it is known that they generally occur along pre-existing zones of weakness and result from a buildup of stress and reduced effective shear strength along favourably oriented faults (e.g., Sibson, 1985) . We also use these perspectives in our current attempt to interpret new focal mechanism results for the Nordland region of northern Norway.
e Nordland region, both onshore and offshore, exhibits one of the highest seismic activity rates in northern Norway. Although the earthquakes are mostly weak to moderate, the area has hosted the largest known historical earthquake of northern Europe in the last two centuries -the magnitude M 5.8 earthquake near Lurøy, at the mouth of Rana ord in 1819 (Muir-Wood, 1989; Bungum & Olesen, 2005) . In addition, several shallow earthquake swarms have previously been reported around Meløy and Steigen (e.g., Atakan et al., 1994; Hicks et al., 2000a; Bungum et al., 2010) . e NEONOR2 project (Neotectonics in Nordland -Implications for petroleum exploration; https://www.ngu.no/en/neonor2) aimed to improve our understanding of neotectonic crustal deformations, stress regime and the overall seismicity pattern in Nordland and the adjacent off shore areas. In the frame of the project, from August 2013 to May 2016, along the coast of Nordland -from Rana ord in the south to Vesterålen in the north and also in the Lofoten archipelago -a tempo rary network of 27 seismic stations was deployed alongside the permanent Norwegian National Seismic Network (NNSN; Fig. 1 ). Using data from both the temporary and the permanent deployments 1242 earthquakes were located in the study area, including an earthquake swarm. In an earlier study (Janutyte et al., 2017) we used the seismological monitoring results to obtain the seismicity distribution and identify the relation between the observed earthquakes and the major tectonic structures in the area, while our current study is focused on the focal mechanisms of the earthquakes, and aims to reveal the underlying stress-generating mechanisms.
Tectonic settings: stress sources and earthquake depths e studies of Osmundsen et al. (2009) and Redfi eld & Osmundsen (2013) concluded that the upli and landscape-forming tectonic activity in Norway are recent and even ongoing.
e NEONOR1 project (Dehls & Olesen, 2000) conducted in Nordland in [1997] [1998] [1999] [2000] could not convincingly verify that the observed surface features were truly of neotectonic origin. Consequently, the possibility could not be excluded, and it became the background for a second-phase investigation that was carried out in the framework of the NEONOR2 project during the years 2013-2017. e geological conditions in the study area are very complex. Mainland Nordland is dominated by the Upper COB -Continent-Ocean Boundary, GF -Grønna fault, HB -Helgeland Basin, HG -Hel Graben, M -Meløy, MR -Mo i Rana, NR -Nordland Ridge, NSZ -Nesna Shear Zone, NYK -Nyk High, RB -Røst Basin, RIB -Ribban Basin, SSZ -Sagfjord Shear Zone, ST -Steigen, SV -Svartisen, TI -Traena Island, TJ -Traenadjupet, UH -Utrøst High, UR -Utrøst Ridge, VB -Vestfjorden Basin (Blystad et al., 1995; Olesen et al., 2002) .
Offshore Nordland, the passive continental margin shows clear seismic activity along certain segments (Fig. 1) , a feature that was also found by Hicks et al. (2000a) . According to Jaeger et al. (2007) , earthquakes along the continental shelf can also be caused by stress concentration related to density-contrasting materials, i.e., along the contact between the oceanic crust and the continental crust, as was also suggested by Fejerskov & Lindholm (2000) . Moreover, it was earlier shown that offshore earthquakes are generally deeper (at least 15 km deep) and generally of reverse-fault character, which may be explained by large lateral structural variations (Bungum et al., 1991; Hicks et al., 2000b; Bungum et al., 2010) . Hicks et al. (2000a) and Byrkjeland et al. (2000) concluded that the maximum post-glacial upli gradients around the Mo i Rana area follow the coast quite closely, which might be a main reason for the enhanced seismic activity in the region. ey also found that the earthquakes were predominantly of normal to strike-slip faulting type, reflecting largely on a coast-perpendicular extensional regime (i.e., extensional stresses trending NW-SE). Olesen et al. (2013) concluded that some strike-slip earthquakes with coast-parallel compression could be associated with the locally enhanced upli pattern and the related flexuring mechanism. Ttherefore, a coast-perpendicular extension could also be expected, as the crust may still be strongly flexed due to the recent erosion.
Two earlier reported earthquake swarms in the Nordland region around Meløy in 1978 (Bungum et al., 1979 and Steigen in 1992 (Atakan et al., 1994) revealed mostly shallow earthquake hypocentres of 2 to 8 km depth. e Steigen swarm events were mostly of an oblique-normal faulting nature (Atakan et al., 1994) , whereas the Meløy events resulted in mostly normal (Bungum et al., 1979; Bungum et al., 1982) and strike-slip (Vaage, 1980) faulting. From the NEONOR1 data collected in the Mo i Rana area during the 18 months of the monitoring, Hicks et al. (2000a) reported on several small swarm-like earthquake groups to the north of Rana ord. ese swarm-like events occurred mostly along NNW-SSE-trending lineaments, while some of the groups were seismically active only for a couple of months.
e registered earthquakes were mostly along normal to strike-slip faults and their hypocentres in different groups varied from 4 to 12 km depth.
e most recent earthquake swarm activity was observed during the NEONOR2 project from April 2015 to about March 2016 to the west of Svartisen. During the swarm activity there were recorded several hundreds of small earthquakes and most of them were shallow, 3 to 8 km deep (Janutyte et al., 2017) , similar to the earlier reported earthquake swarms.
and Uppermost Allochthons that were thrust onto the lower nappes and Precambrian basement during the Scandian continent-continent collision in Silurian and Devonian times (Roberts & Gee, 1985) . In the Devonian period, the nappes were dismembered by a late gravitational collapse of the Caledonian orogen (Rykkelid & Andresen, 1994; Braathen et al., 2002; Eide et al., 2002) .
is complex and deformed upper crust hides faults and structures of which only a few have been mapped in detail, and the offshore-onshore connections of these structures have been only partly mapped. For the onshore areas, the seminal work of Gabrielsen et al. (2002) is the best existing database, while for the offshore areas the main structures are reasonably well mapped and described by Blystad et al. (1995) and later refined by others (e.g., Osmundsen et al., 2002) .
In Fennoscandia, the stress indicators (i.e., earthquake focal mechanisms and shallow borehole measurements) at a regional scale consistently indicate a maximum horizontal principal stress, σ H , of NW-SE trend that is perpendicular to the Mid-Atlantic Ridge, which indicates an influence of plate-tectonic motions and ridge push (Richardson et al., 1979; Pascal et al., 2005; Gregersen & Voss, 2009 ). e far-field stress modelling by Pascal & Gabrielsen (2001) around the northern North Sea and the mid-Norwegian margin showed that the relatively strong oceanic crust allows conservation of the applied boundary strain throughout the oceanic domain, and the boundary strain is almost totally transferred to the margin.
is explains the NW-SE to WNW-ESE stress direction. Pascal et al. (2010) concluded that the present-day stress pattern in Fennoscandia is mostly governed by the ridge push and not by residual glacial loading stresses. However, many studies (e.g., Stroeven et al., 2016) have concluded that the influence of the regional Fennoscandian upli is significant along Norwegian coastal areas, and there has also been reported an influence from a possible 'coastal bending' (e.g., Gudmundsson, 1999; Hicks et al., 2000a) due to a combination of onshore postglacial upli , offshore sediment loading and a steep topographic relief (Olesen et al., 2013) . Byrkjeland et al. (2000) and Fejerskov & Lindholm (2000) have suggested that regional and local stress factors, such as flexural stresses from sedimentary loading together with favourably oriented and sufficiently weak faults, are also required to explain the occurrence and distribution of earthquakes in the Nordland region.
is was also supported by conclusions of Redfield & Osmundsen (2013) that the seismicity in northern Norway could be controlled more by the local vertical loads from the local topography than by the horizontal far-field forces. us, stress-generating forces of global, regional and local origin are all possible sources for the observed seismicity. However, it is far from well understood how each of the different components interact and contribute to the overall stress field and local deformations.
Dataset of focal mechanisms
From August 2013 to May 2016 the temporary NEONOR2 seismic network in the Nordland area recorded 1242 local earthquakes with magnitudes ranging from M -0.4 to 3.2 (Fig. 1) . Due to the seismic network deployed on the mainland, the onshore earthquakes were recorded with a lower detection threshold and smaller azimuthal gaps compared to the earthquakes off shore. Also, usage of a robust 1-D velocity model in the region with such signifi cant geological and tectonic variations (e.g., Maystrenko et al., 2017) led to an inherent uncertainty in the earthquake locations, and subsequently to the fi nal focal mechanism results -a location precision that cannot be easily improved.
From all the located earthquakes we obtained 123 focal mechanisms (Fig. 2) . In our analysis we also included focal mechanism solutions from earlier studies, such that our fi nal dataset consists of 152 focal mechanisms (Electronic Supplement 1). To derive the new focal mechanisms we used three well-known algorithms: FOCMEC (Snoke et al., 1984) , HASH (Hardebek & Shearer, 2002) and FPFIT (Reasenberg & Oppenheimer, 1985) , which are all integrated into the SEISAN program package (Ottemoller et al., 2016) .
e data used for calculating the earthquake focal mechanisms were fi rstmotions of P-phases with distinguishable polarities, and P/S amplitude ratios observed at the stations where the fi rst arrivals were the direct phases (i.e., omitting refl ected and refracted phases). e amplitude estimations for Pand S-waves were conducted on vertical and rotated, transverse, horizontal components (SH), respectively. We analysed the results obtained with the three methods and stability of the solutions across diff erent algorithms in order to ensure maximum reliability of the results. In this paper, we present the focal mechanism solutions (Electronic Supplement 1) obtained with the FOCMEC program, which was found to be superior in terms of stability and robustness compared to the FPFIT and HASH programs, as in FPFIT the P/S amplitude ratios are not used, while FOCMEC also provides better control on managing errors in the fi nal solution compared with the HASH program.
Quality assessment of the focal mechanisms
Quality characterisation of earthquake focal mechanisms is generally conducted through a four-level alphabetical system where A stands for best quality and D for lowest quality (i.e., less trustworthy) results. e World Stress Map project (WSM, http://www.world-stress-map. org/) introduced a quality ranking based on Zoback & Zoback (1989) , and the ranking has been improved over the years and most recently by Heidbach et al. (2010) . While generally appreciating the seminal work that was conducted in developing the ranking system, we recognised that the WSM recommendations would prevent an eff ective quality determination (and comparison) when dealing with a dataset like ours. If we had followed the WSM recommendations, the majority of the obtained focal mechanisms, especially in the off shore areas, would have been assigned to only the lowest quality D due to large azimuthal gaps. erefore, we designed a quality scale that was adapted to the data on hand, and it turned out to be applicable and useful for a relative characterisation of the new 123 focal mechanisms.
Our developed equation for quality determination takes into account the uncertainties of event location (i.e., time residual and azimuthal gaps), number of observations (both fi rst-motion polarity picks and P/S amplitude ratios) and consistency across the independently obtained focal mechanism solutions using three diff erent algorithms (i.e., FOCMEC, FPFIT and HASH). Again, we want to emphasise that the developed quality scale is not globally applicable, but specifi cally adjusted for the NEONOR2 dataset analysed herein.
In our developed scale the quality factor, qf, is defi ned as follows: qf = obs * 0.1 -comp * 0.4 -res * 0.2 -gap * 0.9 + 1.5 (1) where obs is the observation factor that includes both the amount of polarity readings, pol, and P/S amplitude ratios, amp, and the amount of errors of the polarities, pol_err, and the amplitude ratio errors, amp_err, in the best fi tting solution obtained with the FOCMEC program:
comp is the compatibility factor among the focal mechanism solutions obtained using the three calculation methods; res is the factor of travel time residual (RMS) in the fi nal event location; and gap is the factor defi ning the azimuthal gap in the fi nal event location. e value of comp ranges from 0 (perfect fi t) through 1 (good fi t) to 2 (reasonable fi t); value is set to 0 for RMS < 0.6 sec, to 1 for 0.6 ≤ RMS ≤ 0.9 sec, and to 2 for RMS ≥ 1.0 sec; and the gap value is set to 0 for gap < 90°, to 1 for 90° ≤ gap < 160°, and to 2 for gap ≥ 160°.
We designed Eq. 1 in such a way that most of the results are kept within approximate boundaries from 0 to 3, and the digital qf value is then transformed into a quality factor using the general mathematical rounding concept: qf ≥ 2.5 for quality A, 1.5 ≤ qf < 2.5 for quality B, 0.5 ≤ qf < 1.5 for quality C, and qf < 0.5 (also negative) for quality D (Fig. 3) .
While analysing our dataset we concluded that 10 observations per event is a reasonable number to obtain good-quality results, therefore, we set the multiplication factor of 0.1 (Eq. 1) for weighting the number of observations. e multiplication factor for the azimuthal gap was set to 0.9 indicating its major signifi cance, since better azimuthal coverage generally yields more reliable focal mechanism solutions. Moreover, as comp and res generally have less infl uence on the focal mechanism precision compared to the azimuthal gap, we assigned their multiplication factors with lower weights 0.4 and 0.2, respectively. e last constant of 1.5 (Eq. 1) ensures the approximate boundaries between 0 and 3. In a theoretical case, when an earthquake has ten observations with comp = res = gap = 0, then qf = 2.5, which is the minimum requirement for quality A.
e focal mechanisms with few observations are less reliable, and therefore we set additional requirements for such focal mechanisms: if obs ≤ 6.5, then the highest possible quality could be C, and if obs ≤ 5.5 then the highest possible quality could be D only. e focal mechanisms of quality D with six or fewer observations are the least reliable (marked as 'D-' in Electronic Supplement 1; Inset of Fig. 4A ).
Using the developed relation (Eq. 1) we assigned quality factors for 123 newly obtained focal mechanisms, while for 29 focal mechanisms from previous studies we retained the originally provided quality factors (Fig.  4A) . 20% of the analysed dataset consists of the higher quality A and B solutions that were assigned to only the onshore earthquakes, whereas the focal mechanisms of the offshore earthquakes were assigned with the qualities C and D mostly due to the larger azimuthal gaps.
In our dataset, the average number of polarity readings for the onshore earthquakes was 7.8, and 12.4 for the offshore earthquakes, which was also related to the higher detection threshold offshore, i.e., generally stronger (M ≥ 1.2) recorded earthquakes. Onshore, the average number of calculated P/S amplitude ratios was 2.7, and 1.8 offshore, because many offshore earthquakes occurred far away from the network and therefore the direct waves were not the first arrivals. In the dataset, the largest number of observed polarities was 28 for an offshore earthquake of M 3.1. As the event occurred far away from the shore, the P/S amplitude ratios could not be used. Moreover, due to the large azimuthal gap (larger than 200 degrees) and differences in the solutions across the three calculation methods (the final FOCMEC solution showed no polarity errors), using the developed relation (Eq. 1) the quality of the focal mechanisms was set to C. Onshore we obtained two focal mechanisms -one of M 3.2 from the earthquake swarm and one of M 2.8 to the southwest of Svartisen -with 25 polarity readings and up to 8 amplitude readings, but with smaller azimuthal gaps compared with the offshore earthquake. Both focal mechanisms were assigned with quality A, even though their final solutions contained up to 4 polarity errors and several errors of amplitude ratios.
Analysis of the focal mechanisms
An earthquake focal mechanism provides the direction of slip and the orientation of the fault on which the earthquake occurred. While the absolute magnitudes of stresses cannot be resolved, the directions of the stresses (i.e., s 1 , s 2 , s 3 ) can be obtained. ese stresses are commonly rotated into the horizontal and vertical stresses (e.g., Lund & Townend, 2007) leading to the maximum horizontal stress axis, s H , the minimum horizontal stress axis, s h , and the vertical stress axis, s z .
e relative shear-stress magnitude strongly influences whether the fault is susceptible to rupture, and the most decisive parameter is the ratio between the maximum and minimum stress magnitudes. In this study we used the simplified approach of focal mechanisms, and we were focused on s H , since we could not resolve the stress ratio, only the s H trend, which can be related to regional stress models that are tectonically driven on the global scale. In addition, when many high quality earthquake focal mechanisms are available from a small region, reflecting on a homogeneous stress field, s 1 can be calculated from an inversion of the focal mechanisms. We attempted to conduct such an inversion for a group of earthquakes to the west of Svartisen, but the inversion failed due to nonhomogeneity of the focal mechanism solutions (i.e., the convergence failed).
In our analysis we distinguished geographically several groups of earthquakes, while the grouping ( Fig. 2A ) was based on a hypothesis that earthquakes in the same area reflect on the same stresses and structures (i.e., underlaying tectonics), and it is therefore expected that the focal mechanisms in the group exhibit similarities in their source mechanisms. In this study, we analysed the focal mechanisms in terms of faulting type, distribution of azimuths of the nodal planes and calculated stress directions. During the analysis we took into account the solutions of all qualities based on an assumption that also low-quality focal mechanisms provide valuable information, albeit of a more uncertain nature. However, in the areas where also higher quality solutions (i.e., A and B) were available, we trusted more the results obtained from the latter solutions. e higher quality solutions in our dataset were assigned to 20% of the focal mechanisms of the earthquakes onshore or close to the shoreline, but unfortunately there were none offshore.
A focal mechanism derived using traditional (i.e., doublecouple assumption) methods is non-unique in terms of source rupture: two fault (nodal) planes are equally plausible as an earthquake source from an observational perspective. Only by using additional and independent geological information can a real rupture plane be identified from the two nodal plane candidates. erefore, it is not possible to directly link the defined focal mechanisms to any well-mapped or well-known faults, and both nodal planes must be considered as equally plausible candidates for the rupture plane. However, by
In addition, the type of faulting derived from the focal mechanisms may be used to relate earthquakes to particular tectonic structures. e majority of the obtained focal mechanisms are not pure, but rather mixtures of faulting types (i.e., oblique), and therefore the triangle plots suggested by Frohlich & Apperson (1992) proved to be very useful in our study to reveal the dominant types of faulting (Fig. 5) . Our results indicated a dominant plotting the azimuths of both nodal planes it may be possible to reveal dominant trends that may refl ect on seismically active structures. Our results indicated that the azimuths of nodal planes obtained from the earthquake focal mechanisms in diff erent areas matched quite well with the azimuthal trends of the mapped faults along the shelf edge, coastline and around Svartisen (Figs. 1 & 5) . Gabrielsen et al. (2002) around Steigen and Svartisen, where the most intense onshore seismicity was recorded (lower right). in the southwestern part clustered along well-defi ned NW-SE-trending lines, indicating that the earthquakes probably migrated along the structures, which were interpreted as active faults (Janutyte et al., 2017) . e azimuths of nodal planes (Fig. 5) obtained from the focal mechanisms showed two clear trends: a NNE-SSW trend to the west of Svartisen, and a somewhat bimodal trend to the southwest of Svartisen with the nodal planes of NNW-SSE (along migration paths of the earthquakes) and NNE-SSW trends. ese observations coincide quite well with the structural trends mapped by Gabrielsen et al. (2002) in the surroundings of Svartisen (Fig. 5 ).
. Final dataset of 152 focal mechanism solutions with indicated colour-coded quality factors: (A) in the entire Nordland area, (B) along the continental shelf area, to the north of the Traenadjupet, (C) around the Steigen area, (D) the most seismically active coastal onshore area, and (E) the earthquake swarm area to the west of Svartisen. Inset in (A): Distribution of quality factors of the focal mechanisms from best quality A through B and C to reasonable quality D. 'D-' marks focal mechanisms with 6 or less observations.

Figure 5. Panels indicate the results obtained from analysis of the focal mechanisms in different regions of Nordland. Triangle plots show type of faulting obtained from focal mechanisms of different qualities: red -quality A, orange -quality B, black -quality C (bigger diamonds) and D (smaller diamonds). The rose diagrams indicate the azimuths of nodal plane directions obtained from the focal mechanisms of quality A and B only (smaller rose diagrams), and of all qualities A to D (bigger rose diagram). Empty rose diagrams, in the Traenadjupet and the northern shelf edge areas, mean that there is no data of quality A and B. For comparison, we also provide the trends of azimuths of the lineaments mapped on the surface by
e Svartisen massif (SV; Fig. 1 ) in Nordland is a c. 1000 m-high mountain hosting an ice sheet. Due to its steep relief, the massif is a likely candidate for local stress sources in the area. It was also found that the massif, including its peripheral regions, to a large extent consists of very poor quality rock with large cracks and faults allowing water (from precipitation and snowmelt) to easily penetrate from the glaciated regions to its periphery. Water lubricates the faults such that the friction is reduced and therefore smaller changes in stress conditions would be required to trigger earthquakes along the faults. is is a likely mechanism behind the earthquake swarm activity which was recorded at the western foot of the Svartisen massif from the spring of 2015. While modelling would be appropriate for long-term changes in the ice sheet, the observed intense local seismicity on the fringes of the massif indicate that short-term changes in the glacier might indeed infl uence the earthquake occurrence in the normal type in the majority of the distinguished groups onshore. Moreover, the horizontal compression axis, sH, trends obtained from normal or very oblique faulting types are dubious as s1 direction is subvertical. erefore, to derive s H directions from focal mechanisms we used recommendations and so ware by Lund & Townend (2007) , and thus obtained the azimuth and dip of the s 1 vectors (Fig. 6 ).
Results and discussion
Below we discuss in more detail our observations and results obtained from the earthquake focal mechanisms in four specifi c areas.
West and southwest of Svartisen e area to the west of the Svartisen glacier was the seismically most active during the NEONOR2 monitoring period. Here we also recorded an earthquake swarm with several hundreds of small earthquakes which occurred from April 2015 to March 2016. From all the swarm events we obtained 61 focal mechanisms, which mostly indicated normal faulting (Figs. 4E & 5) . Also, dominant normal to strike-slip faulting was observed southwest of Svartisen from the analysis of 39 focal mechanisms (Figs. 4D & 5) . e earthquakes in both areas were generally shallow (3 to 8 km deep; Fig. 2B ) and many earthquakes the surface are indeed active down to some depth.
In the Lofoten area, the azimuths of nodal planes showed a preference for the WNW-ESE trend, which is similar to the trends obtained by Gabrielsen & Ramberg (1979) . e normal faulting in this area was also earlier observed by Hicks (1996) from a single-event focal mechanism that also indicated a coast-perpendicular extension. With a dominant normal faulting type the maximum compressional direction remained inconclusive (Figs. 4A, 5 & 6), while one borehole (WSM data) in the area indicated compressional stresses trending NNW-SSE (Figs. 1 & 6) .
Coastal area
Along the coast the focal mechanisms indicated normal to strike-slip faulting (Fig. 5 ). e obtained s 1 direction (Fig. 6 ) was bimodal, but with a slight preference for the NW-SE trend (i.e., coast-perpendicular compression).
e azimuths of the nodal planes obtained from all focal mechanisms in the area indicated a dominant NNW-SSE trend, possibly due to the westerly extensions of the onshore faults, while several higher quality A and B focal mechanisms further to the north, closer to Steigen indicated NNE-SSW direction, which is parallel to the Vest ord Basin and some post-Caledonian faults (e.g., Gabrielsen & Ramberg, 1979) .
Around Meløy, Gabrielsen & Ramberg (1979) indicated the NNW-SSE-striking fault population as a likely candidate for earthquake occurrence, while NNE-SSWtrending active faults were reported by Bungum & Husebye (1979) from the Meløy earthquake swarm.
In an area about 30 km north of Meløy we obtained two focal mechanisms. Both focal mechanisms were of low quality D, and therefore might not be very reliable. However, from the locations we related the earthquakes to the NE-SW-trending Grønna structure (Fig. 1) .
Offshore areas
In the offshore areas, the new focal mechanisms were of quality C and D, mainly reflecting the larger azimuthal gaps (Fig. 4A) . On the other hand, the recorded earthquakes along the shelf edge were generally stronger (M ≥ 1.2) and should therefore reflect the regional trends better. Also, due to larger source-to-receiver distances (more than 140 km), the P/S amplitude ratios could not be used, as they are applicable to direct P-and S-waves only. Consequently, we defined many focal mechanisms of the offshore earthquakes using only P-wave polarities. We separated the offshore region into three areas: the Traenadjupet, and the southern and the northern parts of the shelf edge ( Fig. 2A) . Around Traenadjupet the new and earlier data (Bungum et al., 1991) showed pure area. However, the NEONOR2 monitoring did not cover a sufficiently long time window to confirm this. Analysis showed that s H directions in different groups of earthquakes around Svartisen -61 focal mechanisms to the west, 39 to the southwest, two to the north, one to the northwest and one to the southeast of the glacier -are almost tangential to the glacier, which would coincide with an assumption of local upli due to the retreat (melting) of the glacier. However, it must be taken into account that the dominant type of faulting is normal, thus s 1 directions are not very clear. Moreover, the lower quality C and D focal mechanisms obtained from single earthquakes, as it is in this case, might be uncertain; therefore, these results should be treated with caution. However, it is also important to note that the data on hand show a possible correlation between the earthquake swarm activity and the glacier.
As the earthquake swarm was recorded only once and did not repeat within the yearly cycle, it could therefore be concluded that other factors, not only the changes in the ice mass, could affect the earthquake occurrence in the area. Another possible stress source in the area is the Storglomvatn hydroelectric power station and lake, located to the north of Svartisen, with a capacity of 3.5 * 10 9 m 3 and a height of 128 metres. e power plant experiences large variations in water-filling cycles, and thus the changes in the water mass might significantly change the rock stresses and lubrication patterns around the area, although there is not enough data to allow us to hypothesise about the size of its effects on the local stress field. However, it is likely that significant changes in the lake level of Storglomvatn could reflect on the focal mechanisms of the shallow earthquakes.
Steigen and Lofoten area
e earthquakes in Steigen and Lofoten exhibited a dominant normal faulting type, with some high-quality focal mechanisms showing also reverse faulting around Steigen (Figs. 4C & 5 ). e hypocentre depth around Steigen was mostly shallow (down to 10 km depth) while it was somewhat deeper in the Lofoten area (down to 20 km depth; Fig. 2B ). Even though the obtained focal mechanisms were not homogeneous in the Steigen area, the tendency for a NE-SW compression could be distinguished (Fig. 5) . Moreover, the azimuths of nodal plane directions trending from NNE-SSW to ENE-WSW obtained from the focal mechanisms are consistent with the lineaments recorded by Gabrielsen & Ramberg (1979) , and also with the direction of the nodal plane of the composite focal mechanism obtained by Atakan et al. (1994) from the Steigen earthquake sequences. e NNE-SSW trend (Gabrielsen & Ramberg, 1979 ) is parallel to the Vest ord Basin and some post-Caledonian faults which were active in post-glacial times (Grønlie, 1922) .
is might indicate that faults and structures mapped on erefore, we assume that the offshore faults at a seismogenic depth (about 20 km deep) are somewhat inclined. However, some of the azimuths of the nodal planes obtained offshore indicate a NW-SE trend that is parallel to the regional stress field. Onshore, the Mid-Atlantic ridge push is dominated by the local stress sources (e.g., steep topography), as here we observe clear deviations from the regional stress pattern (Fig. 6 ). e extreme topography in the region with steep mountains and deep ords should create substantial local vertical stresses that favour normal faulting, which we have in fact observed as the dominant type of faulting in the onshore areas of Nordland.
Conclusions
We compiled a dataset of 152 focal mechanisms for Nordland, northern Norway, that consists of 123 newly obtained focal mechanisms from the NEONOR2 project and 39 focal mechanisms from earlier studies. e dataset is now made available and presented here (Electronic Supplement 1) to help promote future investigations on this database.
We analysed the focal mechanisms in terms of faulting type, directions of azimuths of nodal planes and maximum compressional stress directions. e results shed more light on the stress conditions in this part of Norway. Our main conclusions are as follows:
• We developed a focal mechanism quality ranging system that was specifically adjusted to the new data. Using the developed relation (Eq. 1) we assigned the new 123 focal mechanisms with quality factors from best quality A to lowest quality D, while for the 39 focal mechanisms from earlier studies we maintained the quality factor as originally provided.
• Qualities A and B weres assigned to about 20% of all obtained focal mechanisms. e higher quality was assigned to the onshore earthquakes mainly because of their better station coverage compared to the earthquakes offshore where only lower quality, C and D, was assigned to the new focal mechanisms. In our study we analysed focal mechanism solutions of all qualities, as even low-quality results are valuable and carry information that contributes to recognising the general trends. However, we trusted more the results obtained from higher quality A and B focal mechanisms in the areas where such results were available.
• Onshore Nordland, the dominant faulting type is normal, while along the coast it is mostly normal to strike-slip, and in the offshore areas it is rather of a mixed character.
• In the offshore areas, strikes of the nodal planes obtained from the focal mechanisms mostly follow a NE-SW reverse faulting as well as one earthquake slightly farther to the northwest of the Traenadjupet (Fig. 4A) . ese earthquakes clearly signify a s H of NW-SE trend, which is in compliance with the ridge push of plate tectonics. e E-W distribution of the epicentres at the northern tip of the Nordland Ridge does not match with any known fault azimuths. However, the NNE-SSW trends of the nodal planes (Fig. 5) coincide well with the mapped regional faults (Fig. 1) , which could also indicate én echelon faulting.
To the south of Traenadjupet on the Vøring platform, two focal mechanisms denoted a strike-slip faulting while on the oceanic part of the shelf edge one earlier obtained focal mechanism indicated a normal faulting event (Fig. 4A) . Here, we also obtained a NW-SE trend for s H , which is consistent with the WSM data (Figs. 1 & 6 ), and coincides with the ridge-push force. To the north of Traenadjupet along the shelf edge, the type of faulting was quite mixed while the nodal plane directions (Figs. 4B & 5) obtained from the focal mechanisms showed a clear NE-SW trend, which is in alignment with the strikes of regional faults. e NW-SE trend of s 1 (Fig. 6) here also indicated an influence from the ridge push. is trend also coincides well with the WSM data (Figs. 1 & 6 ).
In summary, we found that onshore earthquake characteristics are very different from those of the offshore earthquakes. Onshore, the dominant faulting type is normal, whereas a rather mixed type is common for the offshore earthquakes. Offshore, the s 1 direction indicated clear NW-SE compression, which is also consistent with the azimuths of the s H axis from the boreholes (Figs. 1 & 6) , and is in accord with the ridge-push force of plate tectonics (e.g., Richardson et al., 1979 ). Onshore, s 1 trends are more scattered and most likely reflect on the local stress sources (such as topography) and possibly shortterm stress variations (e.g., around the Svartisen massif).
e WSM borehole data onshore is very sparse and almost absent in some specific areas, and thus it is very difficult to correlate it with our results. However, when comparing s H trends obtained from boreholes and those from earthquakes one must bear in mind that the WSM data generally reflect the state of stress in the upper part of the crust (down to about 2 km), whereas earthquakes generally generated in the deeper crust.
Both the onshore and the offshore focal mechanisms indicated the azimuths on nodal planes (Fig. 5 ) of mostly NW-SW trend, which is generally consistent with the mapped regional faults in Nordland (Fig. 1) .
Along the shelf edge, the dominant stress source is the ridge push of NW-SE trend while the obtained azimuths of the nodal planes of the earthquakes mostly trend NE-SW (Figs. 1 & 5) , which in general is perpendicular to s H . According to the Andersonian model (e.g., Anderson, 1905) , for a fault of this orientation to rupture in such a stress field, the fault must have an inclination that favours the shear stresses. trend, which is subparallel to the coastline and coincides with the mapped structural trends on the continental shelf, indicating that present-day earthquakes do indeed reactivate these old structures. In the onshore area of Nordland we resolved two dominant trends of azimuths of the nodal planes: the major trend is NNE-SSW, and the weaker trend WNW-ESE. Such a nodal plane distribution of the onshore earthquakes also coincides with trends of the structures mapped by Gabrielsen et al. (2002) . erefore, it can be concluded that the geologically mapped onshore structures might be seismically active and do reflect the present-day crustal deformation.
• e obtained maximum compression axis, s 1 , in the offshore areas indicated a clear NW-SE trend reflecting on the expected plate-tectonic ridge push. e maximum horizontal stress axis, s H , recorded in the onshore areas is more scattered and therefore related to the local stress sources, such as topography. Moreover, we interpreted the observed tendency of s H to follow the tangential direction to the Svartisen glacier as a manifestation of the influence of the changes in the ice-sheet and related processes (i.e., melting, accumulation, etc.), which, most likely, is one of the causes of the enhanced earthquake occurrence in the area. Offshore, the obtained compressional stress directions are consistent with the borehole breakouts from the World Stress Map (WSM) database, while onshore the obtained results partly correlate with the WSM data.
• As we observed seismicity along the shelf edge on NE-SW-trending faults, we concluded that the faults at seismogenic depth should be inclined, as this would satisfy rupturing conditions in the stress field from the NW-SE-oriented ridge-push force. Onshore, local stresses dominate mainly due to the steep topography that would invoke vertical stresses that favour normal faulting, which was observed in the onshore areas.
• From the three recorded seismic swarms in the Nordland area around Meløy in 1978 , Steigen in 1992 and to the west of Svartisen in 2015-2016, it could be concluded that shallow foci and extensional tectonics are the characteristic features of swarm activity in the coastal regions of Nordland.
Generally, the results showed that the seismicity onshore and offshore Nordland is different in character, with mostly deeper mixed faulting earthquakes offshore where stresses arising from the Mid-Atlantic ridge push dominate; and with mostly shallow, normal-faulting earthquakes onshore where local stresses rule over the regional stress pattern, while along the coast the faulting regime was mostly normal to strike-slip.
